ibosomes are essential components of all cells. A large body of knowledge has been accumulated regarding ribosome synthesis and assembly; however, the pathways of normal ribosome turnover, especially rRNA decay, are not known. Some information on ribosome recycling derives from studies on starved yeast cells that use a specialized type of autophagy, called ribophagy, to differentially target ribosomes for degradation. We found that Arabidopsis RNS2, a conserved ribonuclease of the RNase T2 family, is necessary for normal decay of rRNA. Mutants lacking RNS2 activity have longer-lived rRNA, accumulate RNA in the vacuole and show constitutive macroautophagy. Thus, it is clear that normal rRNA decay is necessary to maintain cellular homeostasis. These phenotypes and the subcellular localization of RNS2 in the endoplasmic reticulum and the vacuole suggest that RNS2 participates in a ribophagy-like mechanism that targets ribosomes for recycling under normal growth conditions.
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ibosomes are essential components of all cells. A large body of knowledge has been accumulated regarding ribosome synthesis and assembly; however, the pathways of normal ribosome turnover, especially rRNA decay, are not known. Some information on ribosome recycling derives from studies on starved yeast cells that use a specialized type of autophagy, called ribophagy, to differentially target ribosomes for degradation. We found that Arabidopsis RNS2, a conserved ribonuclease of the RNase T2 family, is necessary for normal decay of rRNA. Mutants lacking RNS2 activity have longer-lived rRNA, accumulate RNA in the vacuole and show constitutive macroautophagy. Thus, it is clear that normal rRNA decay is necessary to maintain cellular homeostasis. These phenotypes and the subcellular localization of RNS2 in the endoplasmic reticulum and the vacuole suggest that RNS2 participates in a ribophagy-like mechanism that targets ribosomes for recycling under normal growth conditions. The RNase T2 family is composed of endoribonucleases without base-specificity that are either extracellular or targeted to organelles of the secretory pathway. Members of this family are found in all eukaryotes, and this conservation throughout evolution suggests that they perform an important function. Based on phylogenetic analyses, three subclasses of RNase T2 proteins can be defined in plant genomes. Class I proteins are highly diversified, and their expression is commonly tissue-specific and/or regulated by biotic and abiotic stress. Class III consists
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of the S-RNases, enzymes involved in gametophytic self-incompatibility in several plant families. In contrast, class II forms a clade of proteins conserved in all plant genomes. These conserved class II enzymes are normally expressed at high levels in most plant tissues, and both evolutionary history and expression patterns resemble those found for metazoan RNase T2 enzymes. Based on their conservation and gene expression characteristics, we hypothesized that class II RNases in plants and the equivalent animal proteins may have a housekeeping role. Arabidopsis contains a single class II protein, RNS2. RNS2 is highly expressed in all tissues and at all developmental stages, consistent with the proposed housekeeping role. Another possible role for several plant RNase T2 enzymes is the scavenging of phosphate from the cellular RNA pool during times of phosphate starvation. The most abundant RNA in any organism is ribosomal RNA; thus, it is likely that RNase T2 enzymes target this type of RNA for degradation to recycle phosphate. Since RNS2 is constitutively expressed at a high level, we hypothesized that this enzyme could be involved in rRNA recycling as part of normal cellular metabolism.
To identify the biological function of these enzymes we characterized the phenotype of plants in which RNS2 was absent or present at low levels. The rns2-2 null mutant does not present any obvious morphological or reproductive phenotype. However, the use of SYTORNASelect, an RNA-specific fluorescent dye, demonstrated that roots of mutant
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pyrimidines, phosphate or other RNA component. We hypothesize that RNS2 degrades rRNA in the vacuole, after it has been transported by ribophagosomes. However, the neutral pH preference of the enzyme could indicate that it comes in contact with RNA prior to vacuole delivery, during autophagosome formation or before putative acidification of the ribophagosome. RNS2 accumulation and/or RNase activity has not been reported in ribophagosomes or other autophagosomes; thus, this possibility should be explored.
Recycling of rRNA seems to be a housekeeping function. However, not all mutant cells display accumulation of RNA in the vacuole or constitutive autophagy. In addition, RNS2 localization inside the cell is variable. These observations indicate that rRNA degradation is a regulated process that is either temporally determined, cell-specific or both. Understanding the regulation of these processes, and ultimately what determines that a particular ribosome should be targeted for degradation, will fill an important gap in our knowledge of essential cellular processes.
In some cells, fluorescence is found exclusively in ER-bodies, while in others only vacuolar enzyme is detected. Biochemical characterization of the enzyme showed that the optimal pH for its activity is close to 7.5, a condition found in the cytoplasm and the ER lumen. Thus, it is possible that this RNase is active in more than one cellular compartment.
Yeast studies have shown that rRNA degradation can occur in several cellular locations. Quality control mechanisms degrade mutated, non-functional rRNA in the nucleus and in the cytoplasm. On the other hand, rRNA recycling during nutritional stress is carried out by ribophagy, resulting in rRNA degradation in the vacuole. Based on our results we hypothesized that RNS2 participates in a ribophagylike mechanism that targets ribosomes for degradation even when cells are not under nutritional stress. Supporting this idea, we found that plants with reduced or absent RNS2 display constitutive autophagy. We suspect that lack of proper rRNA recycling alters cellular homeostasis, which results in induction of macroautophagy as a compensatory mechanism. The induction of autophagy could be triggered by a decrease in the pool of available purines/ seedlings accumulate RNA intracellularly, mostly in the vacuole. Similar accumulation of RNA was observed in protoplasts prepared from mutant leaves, although the phenotype was not as marked as in roots. About 10 percent of mutant protoplasts show a fluorescent body in the vacuole that is never found in wild-type cells. To specifically address the effect of the mutation on rRNA we carried out a modified pulse-chase experiment to determine the half-life of each rRNA subunit. Our analysis showed that the half-life of both rRNA subunits is increased by 60% in mutant plants compared with wildtype. Thus, RNS2 is necessary for normal rRNA decay.
Where in the cell does RNS2 carry out this activity? Subcellular localization of RNS2 was determined by two methods. Arabidopsis plants transformed with an RNS2-CFP fusion protein show fluorescence in the vacuole, the endoplasmic reticulum and ER-bodies. Subcellular fractionation followed by analysis of RNS2 activity confirmed that the enzyme accumulates in the vacuole and is also found in a fraction corresponding to small ER-bodies. However, the location of RNS2 in the cell seems to be very dynamic.
